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Summary

Deciduous hardwoods comprise most of Con-

necticut's forest. During the past three
decades ever increasing portions of the for-

est have been periodically defoliated, pri-
marily by gypsy moth, although other forest
defoliators have also been abundant.

Periodic observations of persistence,
ingrowth and mortality of trees on nine
tracts scattered across Connecticut were com-
bined with observations of defoliations in

order to determine the effect of defoliation
on tree mortality. Seven of the tracts were
evenaged and less than 100 years old. Only
two tracts contained conifers.

On undefoliated , evenaged stands under 50
years old mortality during a decade averaged
about 3 percent annually. On older stands,
in a recent time, average annual mortality
was lower, about 2 percent. Mortality
increased with the population of trees and
was higher on dry than on moist sites.

A single defoliation in a decade had no
effect on mortality. However, within a

decade repeated defoliation was followed by
increased tree mortality , but average annual
mortality increased by only half, compared to
undefoliated stands. Repeated defoliation in

a subsequent decade was also followed by
increased mortality, but mortality was gener-
ally less in the later than in the earlier
decade.

Annual observations of mortality in one
tract showed that mortality increased as
defoliation of the canopy increased. Great-
est mortality occurred one or two years after
severe defoliation. The greatest average
annual mortality, 3.5 percent, occurred the
year following two successive defoliations.

During a decade without defoliation loss
of basal area in stands under 50 years old
averaged about 1 percent annually. A single
defoliation did not affect loss of basal area
during a decade. Losses nearly doubled after
repeated defoliation, especially on the mois-
ter sites. Repeated defoliation in a subse-

quent decade was also accompanied by
increased basal area loss. The losses were
slightly less than in the previous decade and

seemed less influenced by soil moisture.
Repeated defoliation was followed by

increased losses among canopy trees.

Mortality increased as the proportion of
canopy defoliated increased. Much of the
loss occurred among pole-sized trees.

Mortality varied among species groups. In

undefoliated stands mortality of oak was gen-
erally higher than mortality of maple or

birch. After repeated defoliation mortality
of all species groups tended to increase.
Loss of basal area among oaks indicated that

large oaks died, whereas relatively small

maples and birches died. Increasing canopy
defoliation was accompanied by increased mor-
tality and loss of basal area of oak, but not
of maple. Mortality of white and chestnut
oak was greater than red , black or scarlet
oak.

Mortality in Connecticut forests was com-
pared to mortality in other places. The

results are similar; repeated defoliation is

followed by increased mortality, especially
among oaks. There is no direct evidence that

defoliation causes mortality; it apparently
renders trees susceptible to other killing
agents. Shoestring fungus and twolined
chestnut borer have repeatedly been associ-

ated with dead or dying oak after defolia-
tion .

With repeated defoliation oaks will suffer

greater mortality than other species and mor-
tality will likely be greater where the pro-
portion of oak in the forest is greater.
Species less susceptible to defoliation and

mortality, such as maple and birch, will
increase. Elimination of susceptible trees

in one decade may decrease mortality during a

subsequent decade with defoliation. Although
forest composition may be altered, it seems

unlikely that defoliation will completely
destroy the forest.



DEFOLIATION AND MORTALITY IN CONNECTICUT FORESTS

By George R. Stephens

Again severe defoliation of portions of
Connnecticut's hardwood forest by caterpil-
lars and the prospect for continued defolia-
tion in many areas threatens the forest.
Many will ask what effect the defoliation
will have. Ten years ago I summarized avail-
able information relating defoliation to tree
mortality (Stephens 1971). I repeat that
information and add new observations in this
Bulletin which will describe mortality in

defoliated forests in Connecticut, present
differences in mortality among species
groups, and relate mortality in Connecticut
forests to that in similar forests of other
places.

The Forests
The observations reported here were

obtained by sampling nine forest tracts scat-
tered across Connecticut. Four, the Meshoma-
sic series, are in the Meshomasic and Cocka-
ponset State Forests of Middlesex County and

have been described (Stephens and Wag-
goner 1980). Four others, the New series,
are more widely scattered: Gay City State
Park, on the border of Hartford and Tolland
Counties; Catlin Wood and Norfolk in Litch-
field County; Natchaug State Forest in Wind-
ham County. The New series has also been
described (Stephens and Hill 1971) and addi-
tional information will appear in Bulletin
799 (Stephens and Hill 1981). The ninth
area, Haddam, is an isolated segment of the
Cockaponset State Forest near the border of
the towns of Durham and Haddam in Middlesex
County.

The stands in the Meshomasic series are

essentially evenaged, presently 80 to 95
years old. In the New series, Gay City and

Natchaug are also evenaged but 20 to 30
years younger than the Meshomasic series.
Catlin Wood and Norfolk are older and uneven-
aged. In Catlin Wood the oldest trees
approach 200 years and trees of all ages are
present. Norfolk has two age groups; many of
the larger trees are 90 to 100 years, and the

younger group is about 70 years old. Trees in

the Haddam tract are also approximately even-
aged and about 20 years younger than the
Meshomasic series.

All stems greater than 0.5 inch diameter
breast high (dbh) (4.5 feet above ground)
were located, identified and described on
nearly 10 undisturbed acres of the Meshomasic
series. Enumerations in 1927, 1937, 1957,
1967. and 1977 provided an accurate record of
trees persisting; of ingrowth, that is, stems
newly appearing; and of mortality, stems
dying. In the New series similar enumerations
were made in 1959, 1970 and 1980 on nearly 2

acres. In the Haddam tract, three acres were
examined annually during 1971-74; a fourth
acre was added to the sample during 1972-74.
Although the total sample area was about 16

acres, sample transects 16.5 feet wide run-
ning uphill and down represent a full range
of Connecticut conditions. For the Meshomasic
and New series estimates of annual defolia-
tion were obtained from unpublished annual
defoliation maps in the files of the State
Entomologist, New Haven. These maps, pre-
pared from a combination of ground and aerial
reconnaisance, describe broad defoliation
categories for the forest, but not individual
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generally occur in

support good tree

included the some-
and the excessively
(4) occurs on the

species. On the Haddam tract the percent of
defoliation of each tree crown in the sample

was estimated annually during, 1971-74.

The tracts varied in elevation, topogra-
phy, soils and drainage; for convenience they

have been subdivided into four sites based on
internal soil drainage. The wettest site (1)

is called muck, a wet, swampy soil sometimes

covered with standing water. The moist site
(2) included the very poorly drained , the
poorly drained and the somewhat poorly
drained soils common along streams or in val-
ley bottoms. Medium moist (3) included the
moderately well drained and well drained
soils. These soils (3)
midslope and normally
growth. The dry site (4)
what excessively drained
drained soils. This site
ridgetops and upper slopes only thinly man-
tled with soil

.

Seven of the tracts contained mostly deci-
duous hardwoods. The distribution of species
varied with tract and site, but 30 major tree
species and 7 minor species, small trees or
large shrubs, were represented. Among the
major species oaks, maples and birches were
abundant. Only Catlin Wood and Norfolk con-
tained appreciable numbers of conifers,
mostly hemlock.

The Problem
Chronic defoliation persists in the forest

at all times and the list of defoliators is
long. Such defoliation is usually slight and
goes unnoticed. However, the massive defoli-
ation brought about by sudden large increases
in insect populations, especially voracious
caterpillars, is both spectacular and alarm-
ing. Gypsy moth continues preeminent, but elm
spanworm, fall and spring cankerworms , leaf-
tiers and others have been abundant at vari-
ous times. From the standpoint of effect on
the trees, however, it is likely that time of
defoliation and amount of foliage removed are
important; identity of the defoliators is
secondary. Accordingly, in this Bulletin
defoliation, not defoliator, is emphasized.

Normal Mortality
Death of trees in the forest is a continu-

ing natural process. Competition among trees
and shrubs for light, water, nutrients, and
growing space causes survival of some and
death of others. Endemic diseases and insects
exert a steady pressure. Weather phenomena
such as wind, ice, snow, and lightning exact
their small toll. In evenaged forests,

especially , there is a decline in numbers of
stems from the young to the mature forest.

For example, in a young, evenaged forest
the population may be several thousand stems
per acre. Losses over a decade are great. As

a forest matures, losses decrease. Finally,
in an old, unevenaged forest there is slow
turnover among stems; mortality and ingrowth
are nearly balanced, and the population
remains nearly constant. This change in popu-
lation and mortality can be seen in observa-
tions from the Meshomasic series during
1927-77 (Fig. 1). The rise in number of stems
during 1967-77 is likely a temporary event
caused by the loss of a few large trees dur-
ing 1957-67 and their subsequent replacement
by many small stems.
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1927 1937 1957
YEAR

1967 1977

Fig. 1. Population change in the Meshomasic series

during 1927-77 for major species (X) and minor

species (0)

.

Mortality on undefoliated , undisturbed
stands is portrayed in Fig. 2. Major and

minor species compete with each other and

both died, but only mortality of the major
tree species will be considered. The upper

portion of Fig. 2 compares mortality of major
species on the Meshomasic series during

1927-37 to the total population of major and

minor species present in 1927- During this

decade the stands were relatively young and

severe defoliation was never mentioned by any
observer. The numbers 1, 2, 3. and 4 are the
sites from wettest to driest, and the line is

the linear regression, or straight-line
trend, that best fits the observations. As

population increases so does mortality. Note,



Defoliation and Mortality

however, that mortality on the moister sites
generally lies below the trend line whereas
it lies above on the drier sites. On all
sites except muck, average annual mortality
of major species was slightly more than 3

percent. The highest, 3-5 percent, occurred
on the medium moist site.

ranged from slightly less than 2 to slightly
more than 3 percent over both series.

Because mortality apparently is influenced
by age, the trend of mortality with popula-
tion size in a recent time without defolia-
tion (New series, 1959-70) will be used to

compare mortality on defoliated stands.
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Fig. 2. Periodic mortality of major species in tracts
without major defoliation. The numbers are the

sites: muck (1), moist (2), medium moist (3) and

dry (4). The line is the straight line that best

fits the observations. Upper Meshomasic series,

1927-37. Lower Cat I in Wooa, Norfolk and Nat-

chaug of the New series, 1959-70.

The lower portion of Fig. 2 portrays mor-
tality in three undefoliated tracts of the

New series in a more recent time, 1959-70.
There were no very wet or dry sites as on the

Meshomasic series. Although Catlin Wood had
been more than half defoliated in 1956,
before the enumeration began, its mortality
during 1959-70 did not differ from undefoli-
ated Norfolk or Natchaug. This suggests that
the effect of a prior single defoliation is

short-lived. The trend line fits the observa-
tions well and, despite differences in age of
the stands, it is similar to that of the
Meshomasic series in an earlier decade. How-
ever, for a given population, mortality on
the New Series during 1959-70 was less than
on the Meshomasic series during 1927-37-
Annual mortality of major species averaged
less than 2 percent. Mortality was higher on

medium moist than on moist sites. Thus, even
in different decades mortality of major spe-
cies was similar on undefoliated stands,
increasing with population and decreasing
with increasing age. Average annual mortality

Mortality in Defoliated Stands
Does tree mortality on defoliated stands

differ from that on undefoliated stands? Dur-
ing 1957-67 all tracts on the Meshomasic ser-
ies were defoliated (Table 1). Cox, Reeves
and Cabin were each defoliated three times
during 1961-63. Turkey Hill was defoliated
between 25 and 75 percent in 1964.

Table 1. Estimated canopy defoliation of Meshomasic and New
series tracts.

Meshomasic ser es
1961 1962 1963 1964 1967 1971 1972 1973

Turkey Hi 1

1

Cox
Reeves
Cabin

2

2

2

3

3

3

2

3

2

2-3 1

4

2

2

3

3

3

3

New series

Gay City

Gay City - dry
Catl in Wood
Norfolk
Natchaug

3

2

4 3

3

3

3

3

1

2

3

2

Percent of canopy
4=76-100.

removed: =0-10; 1=11-25; 2= 26-50; 3=51 -75;

The upper portion of Fig. 3 depicts mor-
tality of major species during 1957-67 on the

Meshomasic series. As before, numbers desig-
nate site. Uncircled numbers are from once-
defoliated Turkey Hill. The uncircled numbers
with high population are from a portion of
Turkey Hill that burned in 1932 but has since
regrown. Circled observations are the
thrice-defoliated Cox, Reeves and Cabin
tracts. The line is the trend line of mor-
tality in the undefoliated New series,
1959-70 (Fig. 2, lower). Note that the mor-
tality on once-defoliated Turkey Hill cannot
be distinguished from the mortality in the
undefoliated tracts of the New series. On the
other hand, mortality in the thrice-defoli-
ated tracts, especially on the drier sites,
clearly lies above the line. Average annual
mortality of major species was 2.7 percent on
the unburned tracts. On the burned portion of
Turkey Hill it was 3.6 percent. After defoli-
ation mortality increased by nearly half
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compared to undefoliated tracts.
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3. Periodic mortality of major species in tracts

with major defoliation. The sites are as in

Fig. 2. The line is the mortality trend observed

in 1959-70 in undefoliated tracts (Fig. 2, lower).

Upper . Meshomasic series, 1957-67. Unci re led

numbers are from Turkey Hill defoliated in 1964.

Circled numbers are from Cox, Reeves and Cabin

defoliated in 1961, 1962, and 1963. Lower . Gay

City, 1959-70. Uncircled 4 is the dry site defo-

liated in 1962. Circled numbers are the moister

sites defoliated in 1962 and 1967.

3 shows observed
during 1959-70 at

In 1962 defolia-
of the canopy on
than half on the

1967 the dry site

The lower portion of Fig,

mortality of major species
Gay City of the New series,
tion removed less than half
the dry ridgetop but more
remainder of the tract. In

was undefoliated while the remainder of tract
was more than 75 percent defoliated. The
uncircled 4 ind icates mortality on the once-
defoliated dry site. The circled numbers are
the twice-defoliated moister sites. As before
the line is the mortality trend on undefoli-
ated tracts of the New series, 1959-70
(Fig. 2, lower). Mortality on the once-de-
foliated dry site (4) lies below the trend in

undefoliated tracts during 1959-70. Mortality
on the twice-defoliated moist (2) and medium
moist (3) sites lies above the trend and on
the medium moist site is clearly greater.
Average annual mortality of major species was
1.8 percent on the once-defoliated dry site
but more than 3 percent on the twice-defoli-
ated sites.

The upper portion of Fig. 4 shows the
observed mortality of major species during
1967-77 on the Meshomasic series. All four

tracts were defoliated twice in 1971-72 but

in differing amounts (Table 1). The circled
numbers show the mortality on Cox, heavily
defoliated in 1971. The line is the trend of
mortality on the undefoliated New series,

1959-70 (Fig. 2, lower). Again, the three
sites with high population are from the

burned portion of Turkey Hill. Mortality of
heavily-defoliated Cox differed little from

the other tracts. Generally all sites show
increased mortality compared to tracts unde-
foliated in 1959-70. Mortality on Turkey Hill

was higher than on the other Meshomasic
tracts.

The lower portion of Fig. 4 portrays mor-
tality of major species during 1970-80 on the

New series. Catlin Wood was defoliated once
in 1972. Natchaug was partially defoliated
in 1972 and 1973. Gay City (circled numbers)
was defoliated three times during 1971-73- On

the dry site (4) more than half of the fol-
iage was removed each year. Despite repeated
defoliation at Gay City, only on the dry site

(4) was mortality increased noticeably above
the trend on undefoliated tracts during
1959-70. Average annual mortality of major
species ranged from 1 . 3 to 2.5 percent.
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Fig. 4. Periodic mortality of major species in tracts

with major defoliation. The sites are as in

Fig. 2. The line is the mortality trend observed

in 1959-70 in undefoliated tracts (Fig. 2, lower).

Upper . Meshomasic series, 1967-77. All tracts

were partially defoliated in 1971 and 1972. Cox

(circled) was severely defoliated in 1971. Lower .

New Series, 1970-80. Gay City (circled), defoli-
ated 1971, 1972, 1973; Natchaug, lightly defoli-
ated 1972, 1973; Catlin Wood, defoliated 1972.
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In summary, observations taken at the

beginning and end of a decade indicate that

tree mortality occurs even on undefoliated
stands, but it is slight. In young stands
average annual mortality ranged from 2 to 4

percent for major species; in older stands,
it was less than 2 percent. Mortality in a

decade with a single defoliation did not dif-
fer from that without defoliation. Where
there were two or more defoliations in a

decade average annual mortality increased,
ranging from 2 to 4 percent of major species
but not more than a doubling. Mortality in

stands defoliated during 1 967-77 and 1 970-80
was generally less than mortality in those
same stands during 1957-67 and 1959-70. The

lesser mortality in the more recent decade
may indicate that heavy mortality in the ear-
lier decade left fewer susceptible trees to

die in the later decade. However, the more
recent decade was moist, whereas the earlier
was dry in comparison. The data do not permit
a clear distinction between these two fac-
tors .

Teble 2. Annual canopy defoliation at Had-
dam during 1971-74.

Percent defoliation
Line Species Group 1971 1972 1973 1974

A Maple-Birch 13

Oak 40

Other species 17

A I I species 34

B Map I e-Birch
Oak
Other species
A I I species

Map I e-Bi rch
Oak

Other species
A I I species

68
67

36
84

62
94

84

90

(62)
2

8

12 4

10

12 3

14

10

17

1 1

10

17

18

16

Maple-Birch (62)' 27

Oak (94) 29
Other species (84) 50

Al I species (90) 29

Less than 1 percent.
Line D not observed in 1971

sssumed equal to Line C.

T

13

2

1 1

16

7 4

3

5 3

defo I i at ion

Annual Mortality
In all of the defoliated tracts reported

so far the defoliation occurred near the mid-
point of the observation interval. However,
the average over the interval does not tell
whether mortality was nearly the same each
year during the interval or whether there
were great fluctuations in mortality, espe-
cially during or soon after defoliation.
Fortunately, some annual observations are
available

.

During 1971-74 at Haddam defoliation and
mortality were observed annually. Four par-
allel transects, each a half-mile long and an

eighth-mile apart, were examined. Portions
of the tract were sprayed in 1971 and 1972 to
prevent or reduce the amount of defoliation,
thus providing a comparison of mortality in

relatively undefoliated, partially defoli-
ated , and heavily defoliated transects
(Table 2).

Some defoliation occurred on all lines in

1970, but it was not severe enough to be
detected by an aerial survey. In 1971 line A

was sprayed in early June to prevent defolia-
tion and line B was sprayed in mid-June to

limit defoliation. Line C remained unsprayed
and was heavily defoliated. In 1972 lines A,

B and C were sprayed in late May and early
June to prevent defoliation. Line D remained
unsprayed and was partially defoliated. Lit-
tle defoliation occurred during 1973-74.

On line A, defoliated about a third in

1971, annual mortality during 1 971 —74 aver-
aged 1.6 percent (Table 3). However, in 1972
mortality of major species was 2.3 percent.
On line B, severely defoliated in 1971,

annual mortality during 1971-74 averaged 2.0
percent, somewhat higher than on line A.

Greatest mortality, 2.3 percent, occurred in

1974. On line C, nearly completely defoli-
ated in 1971 . average annual mortality was

2.4 percent. Line D was not observed in

1971 but was assumed to have defoliation
equal to that on line C. It was defoliated
less than a third in 1972. Average annual
mortality during 1971-74 was also 2.4 per-
cent; in 1973. however, it rose to 3-5 per-
cent .

Thus, mortality of the forest did increase
soon after severe defoliation, but even over
a brief span of three years, the average
increased by only about half compared to

similar stands with little defoliation. Dis-
cussion of whether mortality differed among
species groups will be postponed until
another measure of mortality, loss of basal
area is examined .

Loss of Basal Area
The discussion of mortality so far con-

cerns only numbers of stems. It fails to

tell us whether dying trees were small or

large. Basal area, the cross-sectional area
of stems derived from dbh, can reveal
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Table 3. Annual mortality of major species at Haddam during 1971-74.

Bulletin 796

Percent of s pecies group in previous year
1972 1973 1974 1972 -74 1

L ine Species Group Stems Basal A . Stems Basal A. . Stems Basal A. Stems B asal A.

A Maple-Birch 2.4 1 .7 1 .6 0.6 1 .8 1 .7 2.0 1 .3

Oak 2.9 0.8 0.7 0.01 0.7 0.4 1 .5 0.4

Other species 2.9 1 .4 1 .4 0.0 1 .5 2.0 2.0 1 .1

Al 1 spec i es 2.3 1 .2 1 .2 0.2 1 .3 1 .1 1 .6 0.8

B Mapl e-Birch 1.6 0.8 1 .1 1 .0 1 .2 1 .5 1 .4 1 .2

Oak 3.9 1 .8 3.1 2.2 7.1 3.4 4.7 2.4

Other species 1.0 0.1 1 .8 6.8 2.4 0.5 2.0 2.6

Al 1 species 1.8 1 .1 1 .5 1 .9 2.3 2.1 2.0 1 .7

C Mapl e-Birch 2.1 1 .8 1 .3 0.3 1 .2 0.6 1 .6 0.9

Oak 4.7 2.2 5.2 3.9 2.4 2.6 4.1 2.8

Other species 7.1 3.8 3.4 4.5 7.4 6.6 6.0 4.8

A 1 1 species 3.0 2.0 2.4 2.9 1 .7 2.0 2.4 2.3

D Mapl e-Bi rch 1 .1 1 .8 2.4 1 .7 1 .5 0.5 1 .7 0.7

Oak 2.3 2.2 7.3 7.7 5.5 6.8 5.0 4.7

Other species 1 .4 3.8 0.0 0.0 2.1 8.0 0.7 2.8

Al 1 species 1.3 2.0 3.5 5.7 2.5 4.7 2.4 4.1

1 Av erage mortal i ty as percent of 1971.

something of the size of trees. For example,
the basal area of 500 trees each 2 inches dbh
is only 11 square feet. However, 50 trees
each 20 inches dbh have a basal area of 109
square feet. Therefore, many small trees
must die before the loss of basal area equals
that of a single large tree.

During 1927-37 loss of basal area of major
species in the undefoliated Meshomasic series
was less on tracts whose basal area was less,
and differences among sites were less clear
than for mortality of stems (trend line,
Fig. 5). Average annual loss of basal area
was slightly more than 1 percent. In a more
recent time, 1959-70 on undefoliated Catlin
Wood and Norfolk, annual loss of major spe-
cies averaged 4.5 and 6.3 percent, respec-
tively. The greater size of trees is
reflected in greater loss of basal area in
these older stands.

The effect of defoliation on loss of basal
area is shown in Fig. 5. On Turkey Hill,
defoliated only once during 1957-67, loss of
basal area did not differ from that during
1927-37 (Fig. 5, upper). Repeated defolia-
tion on Cox, Reeves and Cabin tracts was
accompanied by large increases in loss of
basal area, especially on the moist and med-
ium moist sites. In Gay City, defoliated in
1962 and 1967, loss of basal area was less
than in the thrice-defoliated Meshomasic ser-
ies and not greatly different from the trend

of 1927-37 (Fig. 5, lower). However, loss of
basal area on the dry site, defoliated only
in 1962, was less than on the twice-defoli-
ated moister sites.

During 1967-77 the entire Meshomasic ser-

ies was defoliated twice during 1971-72.

Loss of basal area of major species during

1967-77 was less than during 1957-67 and,

except for the dry site on Turkey Hill, exhi-
bited less deviation from the trend of

1927-37 than did mortality in 1957-67
(Fig. 6, upper). In the New series, despite
one, two or three defoliations during

1970-80, loss of basal area differed little
from that in 1927-37 (Fig. 6, lower). Only
on the drier sites did loss exceed the trend.

Comparison of tree mortality and loss of
basal area (Figs. 3 and 5) indicates that

fewer stems died on the Meshomasic series

during 1957-67 than died on Gay City during
1959-70, but that loss of basal area on the

Meshomasic series was greater than on Gay

City. Obviously, larger trees died on the

Meshomasic series during 1957-67 than died on

Gay City during 1959-70. Similarly, during

1967-77 fewer stems died on the Meshomasic
series than on the New series during 1970-80,
but loss of basal area was higher on the

Meshomasic series. Again, larger trees died.
Thus, on older forests the mortality that

occurs after defoliation is clearly discerni-

ble because large trees die.
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Fig. 5. Periodic basal area loss of major species in

tracts with defoliation. The sites are as in

Fig. 2. The line is the trend of basal area loss
observed during 1927-37 in the Meshomasic tracts.
Upper . Meshomasic series 1957-67. Uncircled num-
bers are from Turkey Hill defoliated in 1964.
Circled numbers are from Cox, Cabin and Reeves
defoliated in 1961, 1962 and 1963. Lower . Gay
City 1959-70. Uncircled 4 is the dry site defoli-

ated in 1962. Circled numbers are the moister
sites defoliated in 1962 and 1967.

Losses Among Canopy Trees
Only the larger trees comprise the canopy

of the forest. The examination of loss of
basal area revealed that on the Meshomasic
series some larger trees must have died. How
serious are the losses? During a decade
without defoliation, 1927-37, mortality of
stems in the canopy of the Meshomasic tracts
was less where the number of stems partici-
pating in the canopy was less and the rela-
tion was similar to that in Fig. 2, upper.
On the other hand , loss of basal area was
nearly constant regardless of total basal
area of the trees in the canopy. During a

later decade, 1957-67, losses on once-defoli-
ated Turkey Hill were similar to the earlier
period, but on Cox, Reeves and Cabin, defoli-
ated three times, losses were greater both in

number of stems and basal area. Average mor-
tality of trees from undefoliated canopies
was generally 1 percent or less and loss of
basal area was less than 2 percent annually.
After three consecutive defoliations average
mortality of stems in the canopy ranged from
0.9 to 3.6 percent annually and loss of basal
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Fig. 6. Periodic basal area loss of major species in

tracts with defoliation. The sites are as in

Fig. 2. The line is the trend of basal area loss
observed during 1927-37 in the Meshomasic tracts.
Upper . Meshomasic series 1967-77. All tracts
defoliated 1971 and 1972. Cox (circled) severely
defoliated in 1971. Lower New series 1970-80.
Cat I in Wood defoliated 1972; Natchaug defoliated
1972 and 1973; Gay City (circled) defoliated in

1971 , 1972 and 1973.

area was 0.9 to 3.6 percent. Generally,
losses were higher on medium moist and dry
sites than on moist sites. In a more recent
decade, 1967-77, with two consecutive defoli-
ations, average loss of basal area from the
canopy ranged from 0.6 to 4.9 percent annu-
ally. In 1967-77 losses on Turkey Hill,
defoliated only once during 1957-67 and twice
during 1967-77, were generally greater than
on the other Meshomasic tracts on all sites,
especially on the dry site. Again, there is

the suggestion that the amount of mortality
in one decade affects the amount in a suc-
ceeding decade with defoliation.

The canopy is generally comprised of pole
and sawtimber trees, that is, trees with dbh
at least 5.6 and 11.6 inches, respectively.
At Haddam loss of pole and sawtimber trees
increased with increasing defoliation. Dur-
ing 1971-74 on line A, with minimum defolia-
tion, about 19 percent of major species mor-
tality came from the canopy. On line C the
canopy contributed 26 percent of mortality
while on line D, with greatest defoliation,
canopy mortality was 40 percent of all major
species mortality. Mostly pole-sized trees
died. Only 3 percent of the mortality during
1971-74 came from sawtimber trees.
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Thus, it is clear that a single

defoliation in a decade has little effect on

trees in the canopy, but repeated defoliation
increases mortality and the proportion of

mortality coming from canopy trees increases,
especially among pole-size trees.

Differences Among Species Groups
Results presented so far are average mor-

tality of all major species present in the
tracts examined. However, Table 2 shows that
not all species or species groups are defoli-
ated similarly. The mortality among species

groups during a decade on undefoliated tracts
and on tracts with one, two or three defolia-
tions is tabulated in Table 4. Maples
include red and sugar maple; birches include
black, yellow and paper birch; oaks include
red, black, scarlet, white, and chestnut oak.
All are found on the Meshomasic series and

all but chestnut oak are found on the New
series

.

Oaks generally had greater mortality of
stems than did maples or birches. For exam-
ple, on Turkey Hill during a decade without
defoliation, 1927-37, mortality of oak was
greater than that of maple and birch
(Table 4, A). During later decades with one
or two defoliations, mortality of oak stems
was greater than that of maple and birch, but
the difference was slight in 1967-77
(Table 4, A). On Cox, Reeves and Cabin tracts
(Table 4,B) oak mortality is greater than
that of maple and birch during 1927-37 with
no defoliation and during 1957-67 with three
defoliations. However, during 1967-77 with
two defoliations, the percentage of stems
dying was less for oak than for other species
groups. On undefoliated Norfolk of the New
series oak mortality was low and less than
maple, birch or other species groups
(Table 4,C). On Catlin Wood relatively great
oak mortality during 1959-70 without defolia-
tion was followed by light mortality of oak
in the succeeding decade with a single defol-
iation (Table 4,D). On the other hand, at
Natchaug, undefoliated during 1959-70, a

relatively great mortality of oak was contin-
ued during 1 970-80 with two defoliations. On
the dry site of Gay City (Table 4 , F) maple
mortality was great but oak mortality was
slight with either one or three defoliations.
On the moister sites (Table 4,G) oak mortal-
ity was high after two defoliations during
1959-70, but lower following the triple
defoliation of 1970-80.

Loss of basal area was nearly always
greater for oak than for other species groups

except on undefoliated tracts. This indi-
cates that in the defoliated stands those
oaks that died were large. In contrast, loss
of basal area among maples and birches was
generally less than proportion of stems lost.
Therefore, mortality was removing the rela-
tively small stems of these species.

Even among oaks mortality differed. On

the Meshomasic series mortality of defoliated
white and chestnut oaks during 1957-77 was
always greater than mortality of red, black
or scarlet oak (Stephens and Waggoner 1980).
On the New series mortality of white oak was

greater than red oak during 1959-70 but less
than red oak during 1970-80 (Stephens and
Hill 1981). Mortality of black and scarlet
oaks was slight in both decades.
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Fig. 7. Mortality of major species groups during
1971-74 in relation to the cumulative canopy
defoliation of the group during 1971-74 at Haddam.
Average over all sites. Maple-Birch (•), Oak (A),

Other major species (t). Upper . Mortality during
1971-74 as a percent of stems present in 1971.
Lower. Mortality during 1971-74 as a percent of

basal area present in 1971.

The relation between cumulative canopy
defoliation and mortality of stems and loss

of basal area is shown in Fig. 7. Despite
increasing removal of the canopy of maple or

other species during 1971-74 the mortality
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Table 4. Average annual mortality (percent of total) of major tree species

greater than 0.5 inches dbh. Average over al I sites.

Me shomasic series
1927-37 1957-67 1967-77

No. Basal No. Basal No. Basal

S£ecies Group Defol Stems Area Defol Stems Area Defol Stems Area

A. Map I e 1 .4 1 .7 1 1 .9 1 .1 2 2.4 0.8

Birch 1.4 3.8 2.4 3.3 2.8 1 .9

Oak 3.6 2.1 3.7 3.5 2.9 4.7

Other species 3.6 2.4 2.0 2.1 1 .9 2.6

B. Maple 2.8 1 .6 3 2.4 0.5 2 3.4 1 .6

Birch 1 .7 2.7 2.0 0.8 3.2 1 .9

Oak 3.0 2.9 3.8 7.9 1 .0 4.2

Other species 2.5 2.8 1 .8 0.8 2.3 2.3

New series
1959-70 1970-80

C. Map I e 3.7 4.4 2.9 1 .9

Birch 0.9 0.6 1 .5 1 .9

Oak 0.3 0.2 0.0 0.0

Other species 5.0 4.8 5.6 6.2

D. Map I e

Birch

2.2

2.8

1 .1

0.8

1 1 .5

3.3

0.4

1 .1

Oak 3.6 8.1 1 .0 8.3

Other species 1.4 0.0 4.2 0.2

E. Map I e 1 .9 0.3 2 2.8 2.4

Birch 1 .9 5.3 2.4 0.4

Oak 4.6 3.9 3.2 6.7

Other species 1 .6 0.5 1 .6 0.4

F. Map I e 1 6.3 2.7 3 6.4 1 .9

Birch 1.0 1 .6 1 .2 3.0

Oak 1 .1 1 .6 2.0 5.6

Other species 1.6 4.1 0.4 2.5

G. Map I e 2 0.5 T 1

3 1 .3 0.2

Birch 1.7 1 .3 3.3 3.8

Oak 3.9 4.7 2.3 4.8

Other species 4.0 4.0 3.1 1 .2

1
Less than 0.1 percent.

remained relatively constant (Fig. 7, upper).
With oak, however, mortality increased as

canopy defoliation of oak increased. Loss of
basal area of maple was unaffected by the
defoliation of maple. Loss of basal area of
oak and other species increased as defolia-
tion increased. Thus, for many species the
amount of defoliation affects their mortal-
ity.

Oak is a preferred host of many defolia-
tors whereas maple and birch are less attrac-
tive. The lesser defoliation of maple and

birch may explain the difference in mortality
compared to oak. However, the observations
prior to 1970 included no known severe defol-
iation by elm spanworm. This insect does
defoliate maple and birch common to the

moister sites. Plumb and Friend (1939)
reported severe defoliation of red maple and

yellow birch during an outbreak of elm span-
worm in 1938. They commented that during an

earlier outbreak in Massachusetts red maple
was almost completely defoliated and yellow
birch was defoliated about two-thirds. Com-
plete stripping of red maple for two or three
seasons resulted in death of nearly all.
However, during the defoliations of the 1970s
elm spanworm was frequently abundant along
with gypsy moth. Maples and birches as well
as oaks were defoliated. Despite the pres-
ence of elm spanworm, observations at Haddam
during 1971-72 indicated that oak and other
species were generally defoliated more than
maples and birches (Table 2). Subsequently,
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on lines B and C, heavily defoliated in 1971,

mortality of maple and birch remained low
compared to oak and was confined largely to
smaller trees (Table 3).

None of the severely defoliated stands

contained many conifers. However, the obser-
vations of House (Turner 1963) show the
effect of defoliation on conifers. During
five years after a single defoliation by
gypsy moth, which removed 90 percent or more
of their foliage, two-thirds of the hemlock
and a fifth of the white pine died. Hemlock
mortality was greater for trees in the canopy
whereas mostly overtopped white pine died.

Eighty percent of hemlock mortality occurred
the first year after defoliation. Two-thirds
of white pine mortality occurred within two

years of defoliation, with about 40 percent
during the second year. No hemlock and only
one percent of white pine died within five
years after being less than 90 percent defo-
liated .

Mortality in Other Places
How does mortality in Connecticut's for-

ests compare to other places? Baker (1941)
reported tree mortality following gypsy moth
defoliation in eastern New England. During
1912-21 about 30 percent of favored food spe-
cies and 13 percent of unfavored species died
after one or more defoliation. Thrifty trees
seldom died after a single complete defolia-
tion. Once defoliation of individual trees
exceeded 20 percent, average mortality
quickly rose to about 10 percent in the year
after defoliation. However, at the same time
mortality of undefoliated trees exceeded 4

percent, more than observed on the Meshomasic
series during 1927-37 (Fig. 2). Attack by
the twolined chestnut borer and shoestring
fungus was often associated with mortality of
defoliated trees.

More recently these data were reexamined
(Campbell and Sloan 1977). They confirmed
the findings of Baker (1941). In addition,
they concluded that heavily defoliated trees
required 10 years to regain their visual pre-
defoliation condition; dominant trees were
less likely to die than subdominants; two
successive heavy defoliations were followed
by more mortality than was a single defolia-
tion; and losses of trees and basal area
after heavy, repeated defoliation were
related to the percentage of oak in the
stand. They further concluded that during
times of little defoliation most defoliation
occurred on favored species, but as defolia-
tion increased insects were less selective.

Finally, within each species some trees were
consistently more defoliated than others and
they were more likely to die.

Turner (1963) summarized the observations
of Tierney during 1934-47 in the Connecticut
River Valley of Massachusetts. Defoliation
by gypsy moth occurred one to eight times
during 13 years on 34 areas comprising 2641

acres. In 1947 two-thirds of the area showed
10 to 50 percent mortality, and one-third, 40

to 75 percent mortality. On areas defoliated
only once, mortality ranged from 10 to 40
percent, and in some portions, to 75 percent.
Similar mortality was observed on repeatedly
defoliated areas and, frequently, mortality
of oak was great.

Nichols (1968) reported mortality of oaks

in Pennsylvania during 1953-66. Twenty defo-
liators were active, but the oak leaftier was
considered most important. Generally, two
consecutive defoliations exceeding 60 percent
preceded tree mortality, and in a fourth of
the cases, three consecutive defoliations
occurred. Nearly all dead or dying trees
were infested with the twolined chestnut
borer. High mortality, 10 percent annually,
persisted for only one year after defolia-
tion. Moderate mortality, 5 percent annu-
ally, persisted an average of three years.
More recently Nichols (1970) reported that an

infestation of the oak leafroller had badly
defoliated oak stands in northern Pennsylva-
nia. Resulting mortality was typically 30 to

50 percent, but reached 80 to 90 percent in

some locations. Most trees required two con-

secutive defoliations before they died, and

tree mortality usually followed three conse-
cutive defoliations. Attack by twolined

chestnut borer killed trees apparently weak-
ened by defoliation.

In New Jersey Kegg (1971, 1973) reported

oak mortality occurring after defoliation
during 1968-70 on the Morristown National

Historical Park and the Newark Watershed. At

Morristown after two consecutive defoliations
oak mortality ranged from 1 1 to 39 percent.
About one-third of the oak died. Half of the

dead oaks were poletimber, 6 to 12 inches
dbh. Prede foliation mortality was about 6

percent. On the Newark Watershed, 75 to 100

percent defoliated in 1969-70, oak mortality
was 27 to 84 percent by 1972. Predefoliation
mortality was 6.5 percent. White and chest-
nut oak had higher mortality than other oaks.

Mortality of birch and maple ranged from 2.7

to 6.6 percent during the same period. In

both locations the twolined chestnut borer
and shoestring fungus were present in dead or
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dying trees.

In Rhode Island, after repeated defolia-
tion during 1971-73, basal area loss in mixed
oak stands was 17 percent compared to 7 per-
cent in similar undefoliated stands (Brown e_t

al . 1979) • In oak-pine and mixed hardwood
stands mortality was lower, 4 to 7 percent,
and there was little difference between defo-
liated and undefoliated stands. Mortality of
white pine was negligible.

The results of defoliation in many eastern
hardwood forests are similar. A single sev-
ere defoliation has little noticeable long-
term effect on the forest. Repeated defolia-
tion is followed by increased tree mortality.
Oaks are generally more severely defoliated
than other species and their mortality is
higher after severe defoliation. White and

chestnut oak generally sustain greater defol-
iation and mortality than do other oaks. In

stands not previously severely defoliated
mortality after defoliation appears greater
than in stands previously defoliated.

Although repeated defoliation of hardwoods
is followed by increased mortality, there is

no direct evidence that defoliation actually
kills trees. Sycamores are frequently defo-
liated in late spring by anthracnose, a fun-
gal foliage disease. Old field or roadside
black cherry are often severely defoliated by
eastern tent caterpillar, yet few seem to

die. Indeed, Heichel and Turner (1976)
reported that annual defoliation of 50, 75

and 100 percent for three successive years on
red oak and red maple did not result in the
death of any trees. However, severely defo-
liated trees were apparently weakened. Defo-
liated trees refoliated , but with fewer and

smaller leaves. In succeeding years the
amount of new foliage produced each spring
was less than on undefoliated trees. Twigs

of completely defoliated trees were also sus-
ceptible to fungal attack and subsequent twig

dieback.
Many of the reports of mortality following

defoliation indicated that the shoestring
fungus and the twolined chestnut borer were
found on dead and dying oaks (Baker 1941;
Nichols 1968, 1970; Kegg 1971, 1973). In

Connecticut examination of dead and dying oak

after defoliation in the 1970s revealed a

five-year mortality of 18 to 79 percent (Dun-
bar and Stephens 1975). More than half of
the dead trees examined showed attack by both
twolined chestnut borer and the shoestring
fungus; 95 percent were attacked by the two-
lined chestnut borer (Dunbar and Stephens

1975). Attempts to force attack on young red
oak trees were successful only on those trees
completely defoliated in two consecutive
years (Dunbar and Stephens 1976). In another
field experiment successful borer attack was
induced only on trees that were weakened by
partial girdling (Dunbar and Stephens 1976).
Thus, weakening of the trees by defoliation
or wounding leads to successful attack of oak
by the twolined chestnut borer. The shoestr-
ing fungus is also better able to attack
trees weakend by defoliation (Wargo and Hou-
ston 1974, Wargo 1977). Although defoliation
may not necessarily kill the trees, it appar-
ently renders them susceptible to other
agents that can kill.

Conclusion
What conclusions can I draw from the

observations? I cannot predict with cer-
tainty the outcome for an individual tree
after one or several defoliations. However,
a single defoliation of the forest in a

decade is not likely to visibly influence
mortality. Repeated defoliation will be fol-
lowed by increased tree mortality, but over a

decade the increase is not likely to be more
than a doubling. Defoliated oaks will die
more frequently than other species and in

stands with a high proportion of oak the
losses will be greater than where little oak
is present. Within a year or two of defolia-
tion mortality will increase temporarily and
then subside. The more foliage removed in

successive defoliations, the greater will be
loss of oak but not of maple and birch.
Heavily defoliated forests will exhibit
greater mortality the first time than in a

subsequent decade with defoliation, appa-
rently because fewer susceptible trees
remain. Repeated defoliation will accelerate
loss of oak and increase species less suscep-
tible to defoliation, but the forest will not
be destroyed

.
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Common and scientific names of trees, insects and fungi mentioned in this report.

TREES

Birch, black — Betula lenta L.

, paper — B. papyrifera Marsh.

, yellow — B. alleghaniensis Britton
Cherry, black — Prunus serotina Ehrh.
Hemlock — Tsuga candensis (L.) Carr.
Maple, red — Acer rubrum L.

, sugar — A. saccharum Marsh.
Oak, black — Quercus velutina Lam.

, chestnut — Q. prinus L.

, red — Q. rubra L.

, scarlet — Q. coccinea Muenchh.

, white — Q. alba L.

Pine, white — Pinus strobus L.

Sycamore — Platanus occidentalis L.

INSECTS

Eastern tent caterpillar — Malacosoma americanum F.

Elm spanworm — Ennomos subsignarius Hbn.

Fall cankerworm — Alsophila pometaria Harris
Gypsy moth — Lymantria dispar L.

Oak leafroller — Archips semiferanus Wlk.

Oak leaftier — Croesia semipurpurana Kearf

.

Spring cankerworm — Paleacrita vernata Peck.
Twolined chestnut borer — Agrilus bilineatus Web.

FUNGI

Anthracnose, sycamore — Gnomon i a platani Edg.

Shoestring fungus — Armillariella mellea (Vahl . ex Fr.) Karst
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